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Summary

Objective:

To determine whether occupational exposure to perfluorooctanoic acid (PFOA) and other
fluorochemicals is related to the mortality experience of employees of the 3M facility in Cottage
Grove, Minnesota.

Methods

All employees who accrued at least one year of employment at Cottage Grove were eligible for
inclusion in the study. Cohort members were assigned to one of three exposure groups based on
their work history: non-exposed, probable exposure to PFCA, and definite exposure to PFOA.
The cohort was followed through December 31, 1997. Death certificates were obtained for all
known deaths and coded for analysis. Standardized mortality ratios were estimated for all cause
and cause specific mortality using mortality rates from the general population of Minnesota as a
reference. SMR estimates were made for the sub-cohorts ever exposed to PFOA, by exposure
category, and for a minimum of one year of exposure.

Results '

There were 3,992 eligible cohort members who accrued 108,198 person-years of follow-up and
607 deaths. Forty-six of the deaths occurred in the sub-cohort with definite PFOA exposure. The
all cause and all cancer mortality rates for the entire study population, and for the exposure sub-
cohorts were less than expected in the general population. There was no association between

exposure to PFOA or other fluorochemicals and cancer of the liver, kidney, or prostate or

cirrhosis of the liver. A modest increased risk of death from cerebrovascular disease (CVD) was
observed in the definite PFOA exposure subcohort the (5 observed, 1.94 expected, SMR=2.58,
95% CI=0.84-6.03). A dose response relationship between PFOA or other fluorochemical
exposure and CVD was not apparent.

Conclusion

Employees of the Cottage Grove facility were not observed to have an excess risk of mortality
from cancer in relation to PFOA and other fluorochemical exposure. The association observed
between PFOA exposure and CVD was modest, but unexpected. The association may be due to

some occupational exposure although there is no biologically plausible mechanism identified at

this time.
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Introduction

The Cottage Grove manufacturing facility of the Minnesota Mining and Manufacutring
Corporation (3M) has produced perfluoroinated compounds since 1947. A primary product from
this plant is ammonium perfluorooctanoate (CF3(CF,)sCO:NH,*, APFO), a potent synthetic
surfactant used iﬁ industrial applications. APFO rapidly dissociates in biologic media to
perfluorooctanoate (CF3(CF;)sCO,’, PFOA) which is the anion of perfluorooctanoic acid

(CF3(CF;)sCOOH). In laboratory animals, PFOA and its salts are: 1) absorbed by ingestion,
inhalation or deﬁnal contact; '3 2) distributed primarily in the liver and blood;* 3) not
biotransformed, conjugated or incorporated into lipids;>® and 4) eliminated in the female rat at a
greater rate of excretion than the male rat.” In rats, administration of APFO resulted in
peroxisome proliferation, uncoupling of mitochondrial oxiclative phosphorylation and altered
lipid metabolism.® In lifetime feeding bioassays of rats, APFO in the diet at 300 ppm (daily

- dose of 15 mg/kg/day) increased the incidence of liver Leydig cell and pancreas acinar cell

adenomas.'® The liver tumors most likely occurred via the nongenotoxic mechanisms of

oxidative stress and apoptosis. Increased hepatic aromatase activity may have resulted in a

hormone-mediated mechanism (increased estradiol) for the formation of the Leydig cell

tumors.!!!2 The pancreas acinar cell adenomas have been hypothesized to be a resylt of a mild
but sustained increase in cholecystokin (CCK) levels secondary to hepatic cholestasis.‘s In a 90-
day gavage study of rhesus monkeys, mortality was pronounced prior to end of study in the 100
mg/kg/day and 30 mg/kg/day dose éroups.” Histopathologi: examination revealed marked
diffuse lipid depletion in the adrenals, slight to moderate hypocelluarity of bone marrow and
moderate atrophy of lymphoid follicles. No histopathologic changes were reported in the 3 and
10 mg/kg/day dose groups. A recently completed 6-month gavage study of cynomolgus primates

demonstrated a steep dose response curve.'® Both the low (3 mg/kg/day) and mid (10 mg/kg/day)
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dose groups resulted solely in increased liver weights. The highest dose group (30/20
l;g/mg/day) resulted in severe toxicity, which required the removal of treatment for some of the
high dose group animals. The exact mechanism of toxicity in the primate remains to be
elucidated.

Hepatic toxicity, hypolipidemia and abnormal horrnone levels (e.g., estradiol) have not

16-20

been associated with the PFOA levels measured in male APFO production workers.
However, it should be noted that the serum concentration (50 ppm) associated with liver
enlargement in the 3.0 mg/kg/day dose group of the cynomolgus primate study is within the
range experienced by workers with higher occupational erposure.'S"9‘2° A retrospective cohort
mortality study of workers engaged in APFO production at the Cottage Grove facility found no
significantly increased cause-specific standardized mortality ratio although a two-fold
nonsignfiicant increase in prostate cancer mortality, based on 4 observed deaths was reported.”!
This report summarizes the results of an update of that cohort mortality study with a specific
'empﬁasis on exposure to PFOA.

Methods

Cohort Enumeration

The cohort for this study was enumerated using employment records from the Cottage Grove
facility. Workers accruing at least 1 year of cumulative employment at the Cottage Grove facility
as of December 31, 1997 were eligible for inclusion in the cohort. A review of employee work
history records by 3M personnel identified workers eligible for the cohort. The records of any
Cottage Grove employee with at least one year of cumulative emplbyment were abstracted to
record the worker’s name, Social Security Number, 3M identification number, date of birth, and

the dates of any entry on the work history record, including layoffs and leaves of absence.
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Information about each job was abstracted wherever available, including the department codes,
and job classifications. The names, Social Security Numbers, 3M identification numbers, and

dates of birth were recorded for workers with less than one year of cumulative employment for
comparison with the original cohort. The abstracted data were entered into a computer database

and provided to University of Minnesota investigators.

The newly enumerated cohort was linked to records from the original cohort to update the
employment information and verify names, Social Security Numbers dates of birth and dates of
death. Discrepancies identified in the records were resolved using TRW/Experian, a credit
reporting agency, and the Social Security Administration service for epidemiologic research
studies. The latter reports the most recent account activity of an individual and whether they are
recorded as deceased in the Social Security Death Index (SSDI). Duplicate records due to name

changes or incorrect data were eliminated.

Investigators at the University of Minnesota reviewed the eligibility for inclusion in the cohort.
To be eligible for the cohort a worker had to accrue at least 365 days of cumulative employment
at the Cottage Grove site. The eligibility of each cohort member was determined by summing his
or her dates of employment, exclusive of periods of absence due to illness, military leave,
maternity leave, or layoff. Currently employed workers were assigned December 31, 1997 as

their last date of employment.
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Follow-up and Determination of Vital Status

‘Eli gible cohort members were followed from the day they accrued 365 days of cumulative
employment till December 31, 1997 or their date of death. Vital records searches were performed
for all cohort members not employed by 3M on December 31, 1997, or for whom a death
cem:ﬁcate was not obtained in the original study. The National Death Index (NDI) was searched
for all workers in the original study and new workers included in the cohort. The Social Security
Administration data and/or the SSDI were searched to verify the vital status of workers who

terminated employment before 1979.

The records of cohort members identified as deceased through the NDI or SSDI were reviewed
by hand to ensure a valid match and a copy of the death certificate was requested from the state
of record. A licensed nosologist coded the death certificates to the International Classification of
Disease Version 8. A second licensed nosologist coded the death certificate using the rules for
the ICD version in effect at the time of death. This second cbding was used for verification and

enabled the use of actual (unadjusted) mortality reference data.

Exposure Assessment

The goal of this study was to describe mortality experience in relation to fluorochemical
exposure. Of particular interest was exposure to PFOA. The areas in the Cottage Grove facility
where PFOA and other fluorochemicals were produced changed over the years. Because the
departiment codes used to classify the work areas also changed over years it was not possible to
assign the workers to exposure categories on work history information alone. To ascertain

exposure status the department codes were reviewed to determine the building and division

6 EPA 01317



assigned to each code. These lists were then reviewed independently by a panel of veteran
workers and plant industrial hygienists to determine where fluorochemical production or the
development of fluorochemical products took place throughout the history of the Cottage Grove
Facility. The responses of the individual reviews were summarized and the panel was convened
as a group to discuss the exposure assignments. The available information limited the panel’s
ability to classify each department with certainty, thus general classifications of exposure were
adopted. The job history information was classified into the three following groups;

e Definite PFOA exposure (potentially high). These jobs included workers employed in the
areas where cell generation, drying, shipping, and packaging of PFOA -occurred throughout
the history of the plant.

e Probable PFOA exposure. These jobs include other chemical division jobs where exposure to
PFOA was possible, but with lower or transient exposures.

e Not exposed to fluorochemicals. Primarily non-chemical division jobs.

Hereafter these exposure subgroups will be referred to as definite exposure, probable exposure

and nonexposed, respectively. ]

Potential for exposure to other fluorochemcials was possible in the chemical division. In
particular, there has been production of some salts of perfluorooctane sulfonic acid, which may
disassociate to perfluoroctanesulfonate (PFOS, CsF;SO3"). However, this did not usually occur
where definite PFOA exposure in the workplace was likely, as the production areas were in
different buildings. It is feasible that employees who had worked in jobs with definite PFOA

exposure may have transferred to this other building in the course of their career.
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Analysis

The mortality experience of the Cottage Grove cohort was compared to that of the general
population of the state of Minnesota. Mortality reference rates from seven regional counties
(Hennepin, Ramsey, Anoka, Carver, Dakota, Scott, and Washington) were also used to rule out
largé variations based on regional mortality reporting differences. Reference data were obtained
from the Mortality Population Data System (MPDS) center at the University of Pittsburgh. These
data are derived from National Center for Health Statistics data and provide all cause mortality
and malignant neoplasm rates back to 1940, and non-malignant cause specific death rates from
1962 forward. These reference data are age (5 year), gender, race, and cale-ndar period (5 year)

specific and are coded using the rules for the ICD version in effect for the calendar period.

Standardized mortality ratios (SMR) were computed for all cause and cause specific deaths using
the Minnesota reference data. The expected number of deaths for all cause and malignant
neoplasm deaths were estimated for all years. The expected number of deaths from non-
malignant causes was computed for the years 1962-1997. CObserved deaths and person-years in
the denominator occurring before the reference data were available were excluded from the
analysis. The SMRs and appropriate 95% confidence intervals were computed using the PC Life
Table Analysis System (PCLTAS) software developed by the National Institutes of Occupational
Safety and Health (NIOSH).? This program computes age, gender, and race specific SMR using
standard life table methods. The expected number of deaths are estimated by multiplying the age,
gender, race, and calendar period tabulated person-years of follow-up to the corresponding cause
specific mortality reference rates. No data on race were available for the cohort; therefore, the

reference data were limited to the mortality rates for white Minnesotans.
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The all cause and cause specific SMRs were initially computed for the entire cohort and the
subcohorts with definite exposure, probable exposure, and not exposed to fluorochemicals. A
more exposure specific analysis stratified workers based on a one-year minimum employment in
jobs with definite PFOA exposure and definite or probable exposure. The latter included
workers who accrued one year of employment with a combination of definite and probable

exposed jobs.

Four causes of death potentially related to PFOA exposure based on laboratory animal data and
the earlier cohort study, prostate cancer, liver cancer, kidney cancer, and cirrhosis of the liver,
were analyzed by duration of exposure in each fluorochemical exposure subgroup. Other causes
of death that appeared to be in excess in one or more of the fluorochemical exposed groups were

also evaluated by duration of exposure.
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Results

-Of the 6678 individual workers identified at the Cottage Girove plant, 3992 employees met the
one year inclusion criteria. Of these, 12 percent (492) worked at least one day in areas where
definite exposure to PFOA occurred. Forty-two percent (1685) had probable exposure, but not
deﬁm’te PFOA exposure, and the remaining 45% (1815) were not exposed to fluorochemicals
(Table 1). The latter are non-chemical division joBs at Cottage Grove. Male workers made up
80% of the cohort, but were 92% of the PFOA exposed cohort. The average age at follow up was
slightly less in the PFOA exposed cohort, but the average duration of employment at Cottage
Grove was slightly longer. There were 607 deaths identified in the cohort, 46 deaths in the
definite PFOA exposure group and 267 in the probable PFOA exposure group. Death certificates
were obtained for 590 of the decedents (97%). Six c{f the missing death certificates were in the
probable PFOA exposure group and the rest were in the non-exposed group. More extensive
exposure to PFOA, based on a one-year minimum employrnent in definitely exposed jobs,
occurred to 182 workers (17 deaths), and 1673 workers had definite or probable exposure for at

least one year (219 deaths) (Table 2).

The all cause and cause specific mortality rates for the entire cohort were lower than expected
compared to the general population: 607 observed and 715 expected (SMR=0.85, 95% CI=0.78-
0.92) (Table 3). A similar pattern was observed for all deaths from cancer; 172 observed, 204
expected (SMR=0.84, 95% CI = 0.72-0.98). Deaths from all causes and all cancers were fewer
than expected for the exposure subcohorts (Table 4-6), and for the strata limited to workers with
a minimum of one year of definite exposure (Table 7), or a combination of definite or probable

exposure (Table 8).
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There was no association observed between fluorochemical exposure and cancer of the prostate,
liver, kidney, or from cirrhosis of the liver (Table 4-8). In the definite PFOA exposure subcohort
only one death f;om prostate cancer was observed (0.77 expected). Five deaths from prostate
cancer were observed in the probable PFOA exposure group (5.8 expected), and another 2
observed in the non-exposed sub-cohort (6.8 expected). Only one cancer of the liver was
observed and that was in the probable PFOA exposure group. Again, limiting the cohort to a

minimum of one year of exposure did not alter the resuits.

Overall, nonmalignant causes of death did not exceed that expected in Minnesota. Deaths from
cerebrovascular disease (CVD) did exceed the number of expected in the definite PFOA exposed
cohort; 5 observed and 1.94 expected (SMR=2.58, 95% CI 0.84-6.03). Deaths from CVD were
not elevated in the rest of the cohort. Three CVD deaths occurred in the subcohort with definite
exposure for at least one year, where 0.89 deaths were expected (SMR=3.36, 95% CI=0.69,
9.82). It is plausible that the coding of CVD deaths varies by region, where a CVD death in an
older person may be reported as “Natural Causes” on the death certificate, which would receive a
different ICD code. To verify these results the CVD deaths were compared to the local county

mortality rates. The results were essentially the same.

To further evaluate the distribution of CVD deaths, the SMRs in the definite PFOA exposure
sub-cohort were stratified by duration of employment in PFOA exposed jobs (Table 9), and
exposure weighted time of employment (Table 10). In the exposure-weighted time of

employment weights of 0, 1 and 3 were assigned respectively to the non-exposed, probable
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PFOA exposed, and definite PFOA exposed jobs in the work histories. The weighted time of
éxposure was derived by multiplying the duration of employment in the exposed jobs, in days,
by the weighting factor. The results for the years of employment in PFOA exposed jobs did not
reveal a dose-response relationship between PFOA exposure and the risk of CVD; however, the
SMR for high PFOA exposure for five or more years was 6.9 (95% CI = 1.39-20.24). This,
however, was based on only three cases, and no deaths from CVD occurred among workers with
ten or more years in high PFOA jobs (Table 9). The weighted exposure analysis, which includes
information from the workers with probable exposure to PIFOA indicated that the fluorochemical
exposed workers with less than 10,000 exposure days experienced fewer than expected deaths
from CVD. The SMR for those with 10,000 or more exposure days was 3.32 (95% CI=0.89-
8.49). An exposure days value of 10;000 equates to 327 years of exposure in probable PFOA

exposed jobs or 9 years in definite PFOA exposed jobs.

The number of deaths from traumatic injuries was less than expected for the entire cohort,
however, the frequency of deaths from violence was modestly elevated in the definite exposure

cohort. Five of the six violent deaths were suicides (2.1 expected, SMR 2.33, 95% CI=0.76-5.45)

(Table 4).
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Discussion

This updated mortality study evaluated the mortality experience of workers with at least one year
of employment at the 3M Cottage Grove facility, with specific attention to exposure to PFOA.
No excess mortality was observed for malignant neoplasms or for all causes of death. There were
modest elevations in the risk of death from cerebrovascular disease and deaths due to violence in
the higher PFOA exposed workers, but these results are based on very few cases.

Some limitations must be considered when interpreting the results of this mortality analysis.
Although several methods of follow-up were employed to ascertain deaths in this cohort, the
possibility remains that some deaths -wcre not accounted for in the analysis. A death certificate
was not obtained for seventeen known decedents; thus they were not included in the cause
specific death analysis. The extent to which these limitations would affect the results is
unknown, however most of the missing death certificates were in the nonexposed sub-cohort.
Another limitation of this study is the lack of employee specific exposure data for PFOA and
other fluorochemicals. The determination of potential exposure to these compounds was made
using all available information from work histories and expert input from veteran workers and
plant industrial hygienists. Nevertheless, some misclassification of exposure was likely.
Maintenance and other mobile workers not specifically identified as definitely PFOA exposed
_WOrkers may have routinely entered the PFOA exposed sites, and a few workers assigned to the
PFOA exposure areas may not have spent much time in those areas. The extent to which this

misclassification occurred and the attendant effects on the study results remain unknown.

This study differs from the analysis published by Gilliland and Mandel?®! by the study inclusion

criteria and the exposure definition. The earlier study required six months of cumulative
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employment for inclusion, while the current study required one year. The change was made
érimarily to exclude the relatively large number of short-term workers. Workers who left after
only six months on the job were likely tc; have different urderlying risk factors than the long-
term workers. The Gilliland and Mandel analysis limited the exposure assignment to Chemical
Division/Non-Chemical Division and assumed duration of employment in the chemical division
equated with exposure to PFOA. The current analysis was driven by more recent toxicological
evaluations of the compound, and specifically categorizes PFOA exposure as definite and
probable within the Chemical Division as only certain areas and tasks within the Chemical
Division would have led to high exposure to PFOA. . Another difference of note between the two

analyses is the inclusion of 169 additional cohort members in the current study that, according to

available employment data, were eligible for both studies.

The two analyses of this cohort differ by the results for prostate cancer and cerebrovascular
disease. The previous analysis identified 6 cases of prostate cancer, four of which were in the
Chemical Division. The current analysis identified eight cases of prostate cancer; one in the
definite PFOA exposure group and five in the probable PFOA exposure group. In neither of the
exposure groups did the number of prostate cancer deaths exceed the expected number. One case
of prostate cancer identified in the previous study was not included in the current analysis

because the worker did not meet the one-year minimum employment criteria.

Although Gilliland and Mandel considered an association between PFOA exposure and prostate

17.21

cancer as biologically plausible based on the animal and human data, "~ subsequent research,'’
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as well as the present study findings would argue that, at this time, there is not an association

observed in this workforce.

The result for cerebrovascular disease is difficult to interpret. There were 13 CVD deaths in the
previous analysis and 26 in the current study. There was no excess of CVD deaths in the non-
exposed group or the probable PFOA exposure group. In fact the SMRs were well below 1.0.
There was not an apparent dose-response relationship, however such an analysis was hampered
by the relatively few cases available to analyze. The lack of an association in the probable-PFOA
exposure group and the absence of a change by using the local counties as a reference suggest
that this is not an artifact of death certificate coding. CVD may be related to life style factors
including smoking. It is noteworthy that the SMRs for all heart disease (1.08) and lung cancer
(1.17) were at or above unity in the PFOA exposed sub-cohort. These diseases may be markers
for smoking related illness. Heart disease and CVD are almost always below unity in
epidemiologic studies of chemical workers. Therefore, these SMRs reported in the definite
PFOA exposure group are unexpected. The observed association may be due to some
occupational exposure at the Cottage Grove facility, although there is no biologically plausible

mechanism identified. At this time a causal association cannot be drawn between exposure to

PFOA and death from cerebrovascular disease.

The absence of measurable adverse health effects from PFOA exposure was also reported in
earlier studies on this population. PFOA exposure did not alter circulating levels of reproductive

hormones ' 4nd a study of the effects of PFOA on markers of liver function did not detect frank

hepatotoxic effect.'®%°
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Recommendations

'i'here does not appear to be a clear association between employment at the Cottage Grove plant
and risk of mortality from cancer or other causes. However, due to the previous observation of an
association with prostate cancer, the apparent excess occurrence of death from cerebrovascular
disez;se, and the evolving understanding of the toxicology of PFOA, continued mortality follow-

up of this cohort is warranted.
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Table 1. Characteristics of 3M employees with one or more years of employment at Cottage
Grove.
Definite Probable

PFOA PFOA
exposure” Exposure” Non-exposed® Total
Total 492 1685 1815 3992
Gender |
M 452 (92%) 1387 (83%) 1344 (74%) 3183 (80%)
F 40 ( 8%) 298 (17%) 471 (26%) 809 (20%)
Mean age at follow-up 52.0 574 57.0 56.6
Median age at follow-up  50.6 57.8 57.6 . 570
Mean year at birth 1944 1938 1938 1938
Median year at birth 1946 1938 1938 1939
Mean years at CG 16.6 14.5 8.6 12.1
Median years at CG 142 10.7 4.5 7.2
Person years of follow-up 10703 44295 49188 108198
Deaths 46 267 294 607

a: Ever employed in job with definite (high) PFOA exposure
b: Ever employed in a job with probable to other fluorochemicals including low PFOA exposure,

but never in a job with definite exposure.
c: Primarily non-Chemical Division.
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Table 2. Characteristics of Cottage Grove workers with definite PFOA exposure and definite or
probable PFOA exposure for a minimum of one year.

Definite Definite or Probable
PFOA exposure® PFOA exposure”
Total 182 1673
Deaths 17 219
Pe'rson years 3897 41487
Gender
M 168 (92%) 1442 (86%)
F 14 (8%) 231 (14%)
Mean age at follow-up 53 56
Mean year of birth | 1943 1940
Mean years at Cottage Grove 17.8 15.7
Mean vears of exposure _ 6.2 9.4

a: Definite (high) PFOA exposure for at least one year.

b: Definite or Probable PFOA or other fluorochemical exposure for at least one year. Includes
workers who accrued one year of exposure with definitz and probable jobs combined

20
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Table 3. Cause specific deaths and standardized mortality ratios for selected causes of death for

all Cottage Grove employees.

Cause Observed  Expected SMR  95%CI
All Deaths 607 715.13 0.85 0.78-0.92
Cancers |
All Malignant Neoplasms 172 203.96 0.84  0.72-0.98
Buccal Cavity and Pharynx 2 4.16 048  0.06-1.74
Digestive Organs and Peritoneum 42 50.38 0.83  0.60-1.13
Esophagus 3 5.34 0.56 0.12-1.64
Stomach 4 6.31 0.63  0.17-1.62
Large Intestine 19 18.18 1.04 0.63-1.63
Rectum 2 393 0.51 0.06-1.84
Biliary Passages and Liver Primary 1 4.43 0.23 0.01-1.25
Pancreas 12 10.78 © 111  0.57-1.94
All Other Digestive 1 1.40 0.71  0.02-3.97
Respiratory System 56 61.44 0.91 0.69-1.18
Larynx 2 1.80 .11 0.13-4.02
Bronchus, Trachea, Lung 53 58.97 090 0.67-1.18
Breast 6 8.60 0.70  0.25-1.52
Female Reproductive "3 5.23 0.57 0.12-1.68
Male Reproductive 9 14.27 0.63  0.29-1.20
Prostate 8 1341 0.60 0.26-1.18
Testis and Other Male Genital Organs 1 0.86 1.16  0.03-6.47
Urinary Organs 8 9.89 0.81  0.35-1.59
Kidney 3 6.06 049  0.10-1.45
Bladder and Other Urinary Organs 5 3.83 1.31 0.42-3.05
Malignant Melanoma of Skin 4 3.24 1.24  0.34-3.16
All Lymphatic and Hematopoietic Tissue 18 23.47 0.77 0.45-1.21
Non-malignant causes
Cerebrovascular Disease 26 35.91 072 0.47-1.06
All Heart Disease 195 234.49 0.83  0.72-0.96
Nonmalignant Respiratory Disease 29 45.92 0.63 0.42-091
Cirrhosis of Liver 11 14.33 077 0.38-1.37
Nephritis and Nephrosis 2 4.12 048  0.06-1.75
Accidents 32 46.32 069 0.47-0.98
Motor Vehicle Accidents 19 22.08 086 0.52-1.34
All Other Accidents 13 24.24 0.54 0.29-092
Violence 17 22.45 0.76  0.44-1.21
Suicides 13 18.23 071  0.38-1.22
Homicides*” 4 422 095  0.26-2.42
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Table 4. Cause specific deaths and standardized mortality ratios for selected causes of death for
Cottage Grove employees ever employed in jobs with definite PFOA exposure.

Cause ; Observed Expected SMR  95% CI

All Deaths ' 46 50.14 092 0.67-1.22

Cancers

All Malignant Neoplasms 1 13.79 0.80 0.40-143

Buccal Cavity and Pharynx 0.31 0.00 0.00-11.81

Digestive Organs and Peritoneum 3.44 0.87 0.18-2.55
Esophagus 0.42 0.00  0.00-8.86
Stomach 0.42 0.00 0.00-8.85
Large Intestine 1.20 1.67  0.20-6.02
Rectum 0.26 0.00  0.00-13.97
Biliary Passages and Liver Primary 0.30 0.00 0.00-12.12
Pancreas 075 134 0.03-7.42

0.09 0.00  0.00-40.54
4.45 1.12  0.36-2.63

All Other Digestive
Respiratory System

Larynx 0.13 0.00 0.00-27.97
Bronchus, Trachea, Lung 4.26 1.17 0.38-2.74
Breast 0.18 0.00 0.00-20.31

0.09 0.00  0.00-40.65
0.85 .17 0.03-6.51

Female Reproductive
Male Reproductive

Prostate 0.77 .30  0.03-7.20

Testis and Other Male Genital Organs 0.08 0.00 0.00-45.03
Urinary Organs ' 0.71 0.00 0.00-5.22

Kidney 0.47 0.00  0.00-7.82

0.23 0.00 0.00-15.72
0.30 0.00 0.00-12.27
1.70 0.00 0.00-2.17

Bladder and Other Urinary Organs
Malignant Melanoma of Skin
All Lymphatic and Hematopoietic Tissue

COOOCOO=rrOOWMOUNO=OCONOOWO -

Non-malignant causes

Cerebrovascular Disease 5 1.94 2.58 0.84-6.03
All Heart Disease 17 15.69 1.08 0.63-1.73
Nonmalignant Respiratory Disease 1 2.57 039 0.01-2.16
Cirrhosis of Liver 0 1.18 0.00 0.00-3.14
Nephritis and Nephrosis 0 0.23 0.00 0.00-16.01
Accidents 5 4,79 1.04 0.34-2.44
Motor Vehicle Accidents 2 2.43 0.82 0.10-2.97
All Other Accidents 3 2.35 1.28  0.26-3.73
Violence . 6 2.64 2.27 0.83495
Suicides 5 2.14 2.33 0.76-5.45
Homicides” 1 0.49 2.02  0.05-11.23
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Table 5. Cause specific deaths and standardized mortality ratios for selected causes of death for
Cottage Grove employees ever employed in jobs with probable PFOA exposure, but did not hold

jobs with definite PFOA exposure.

Cause Observed Expected SMR__ 95%CI
All Deaths 267 314.73 0.85 0.75-0.96
Cancers
All Malignant Neoplasms 80 90.13 0.89  0.70-1.10
Buccal Cavity and Pharynx 1 1.85 0.54 0.01-3.00
Digestive Organs and Peritoneum 19 22.46 085 0.51-1.32
Esophagus ) 2.40 042 0.01-2.32
Stomach 1 2,78 036 0.01-2.00
Large Intestine 8 8.11 099 043-1.94
Rectum 2 1.74 115  0.144.15
Biliary Passages and Liver Primary l 199 " 0.50 0.01-2.80
Pancreas 6 4.84 124  0.45-2.70
All Other Digestive 0 0.61 0.00 0.00-6.00
Respiratory System 26 2745 095 0.62-1.39
Larynx 1 0.80 1.25  0.03-6.93
Bronchus, Trachea, Lung 25 26.36 0.95 0.61-1.40
Breast T2 3.58 056 0.07-2.02
Female Reproductive 2 222 090 0.11-3.26
Male Reproductive 6 6.15 098  0.36-2.12
Prostate 5 5.78 0.86  0.28-2.02
Testis and Other Male Genital Organs 1 0.36 275  0.07-15.30
Urinary Organs 3 4.38 068 0.14-2.00
Kidney 2 2.70 0.74  0.09-2.67
Bladder and Other Urinary Organs 1 1.68 0.59  0.02-3.30
Malignant Melanoma of Skin 2 141 142 0.17-5.11
All Lymphatic and Hematopoietic Tissue ] 10.34 0.77 0.33-1.52
Non-malignant causes
Cerebrovascular Disease 10 15.70 064 0.30-1.17
All Heart Disease 81 104.04 0.78  0.62-0.97
Nonmalignant Respiratory Disease 12 20.17 0.60 0.31-1.04
Cirrhosis of Liver 6 6.35 095 0.35-2.06
Nephritis and Nephrosis 1 1.79 056 0.01-3.10
Accidents 16 19.87 0.81 0.46-1.31
Motor Vehicle Accidents 12 9.39 1.28  0.66-2.23
All Other Accidents 4 10.48 0.38  0.10-0.98
Violence 6 9.55 0.63  0.23-1.37
Suicides 6 7.77 0.77  0.28-1.68
Homicides 0 1.78 0.00 __0.00-2.07
EPA 01334
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Table 6. Cause specific deaths and standardized mortality ratios for selected causes of death for
Cottage Grove employees never exposed to PFOA or other fluorochemicals (non-chemical

division).
Cause Observed Expected SMR _ 95% CI
All Deaths 294 342.46 0.86  0.76-0.96
Cancers
All Malignant Neoplasms 81 98.17 0.83 0.66-1.03
Buccal Cavity and Pharynx 1 1.96 0.51 0.01-2.83
Digestive Organs and Peritoneum 20 24.05 0.83 0.51-1.28
Esophagus 2 249 0.80  0.10-2.90
Stomach 3 3.04 099 0.20-2.88
Large Intestine 9 8.74 1.03 . 0.47-1.96
Rectum . 0 1.88 0.00 0.00-1.96
Biliary Passages and Liver Primary 0 211 000 0.00-1.75
Pancreas 5 5.12 098  0.32-2.28
All Other Digestive 1 0.67 1.49  0.04-8.26
Respiratory System 25 29.18 0.86  0.55-1.27
Larynx 1 0.85 1.18  0.03-6.53
Bronchus, Trachea, Lung 23 28.01 0.82 0.52-1.23
Breast 4 4.70 0.85 0.23-2.18
Female Reproductive 1 2.81 036 0.01-1.98
Male Reproductive 2 7.19 0.28 0.03-1.00
Prostate 2 6.82 029 0.04-1.06
Testis and Other Male Genital Organs 0 0.36 0.00 0.00-10.12
Urinary Organs 5 4.73 1.06 0.34-2.47
Kidney 1 2.84 035 0.01-1.96
Bladder and Other Urinary Organs 4 1.89 2.11  0.58-540 -
Malignant Melanoma of Skin 2 1.48 135  0.164.89 °
All Lymphatic and Hematopoietic Tissue 10 11.10 090  0.43-1.66
Non-malignant causes -
Cerebrovascular Disease 11 18.21 0.60  0.30-1.08
All Heart Disease 103 114.39 090 0.73-1.09
Nonmalignant Respiratory Disease 17 23.11 0.74 0.43-1.18
Cirrhosis of Liver 6 6.74 089 0.32-1.94
Nephritis and Nephrosis 1 2.10 048 0.01-2.64
Accidents 17 20.71 0.82 048-131
Motor Vehicle Accidents 10 9.64 1.04 0.50-1.91
All Other Accidents 7 11.07 0.63  0.25-1.30
Violence 6 9.87 061 022-1.32
Suicides 2 8.04 0.25 0.03-0.90
Homicides 4 1.83 2.19  0.60-5.60
24 EPA 01335



Table 7. Cause specific standardized mortality ratios for Cottage Grove employees with a
minimum of one year of employment in a job with definite PFOA exposure.

Cause Observed Expected SMR _ 95% CI
All Deaths 17 22.25 076  0.44-1.22
Cancers
All Malignant Neoplasms 4 6.33 063 0.17-1.62
Digestive Organs and Peritoneum 1 1.59 0.63  0.02-3.48
Esophagus 0 0.20 0.00  0.00-18.87
Stomach 0 0.19 0.00 0.00-19.33
Large Intestine 1 0.56 1.79  0.05-9.94
Rectum 0 0.12 0.00  0.00-30.22
Biliary Passages and Liver Primary 0 0.14 0.00 0.00-26.38
Pancreas 0 0.35 0.00 0.00-10.67
All Other Digestive 0 0.04 0.00  0.00-89.75
Respiratory System 1 2.09 0.48 0.01-2.66
Bronchus, Trachea, Lung 1 2.01 0.50 0.01-2.77
All Other Respiratory 0 0.02 0.00  0.00-160.98
Breast 0 0.07 0.00 0.00-51.86
Prostate 1 0.38 2.63  0.07-14.62
Urinary Organs 0 0.32 0.00 0.00-11.39
Kidney 0 0.21 0.00 0.00-17.37
Bladder and Other Urinary Organs 0 0.11 0.00 0.00-33.12
Malignant Melanoma of Skin 0 0.12 0.00  0.00-29.99
Thyroid and Other Endocrine Glands 0 0.02 0.00  0.00-155.50
All Lymphatic and Hematopoietic Tissue 0 0.75 0.00 0.004.90
Non-malignant causes
Cerebrovascular Disease 3 0.89 336  0.69-9.82
All Heart Disease 7 7.28 0.96 0.39-1.98
Other Nonmalignant Respiratory 0 0.70 0.00 0.00-5.30
Cirrhosis of Liver 0 0.52 0.00 0.00-7.11
Accidents 1 1.74 0.58 0.01-3.20
Motor Vehicle Accidents 0 0.84 0.00 0.004.41
All Other Accidents 1 0.90 1.11  0.03-6.19
Violence 2 0.93 2.15  0.26-7.75
Suicides 2 0.76 2,62 032-945
Homicides 0 0.17 0.00  0.00-22.07
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Table 8. Cause specific standardized mortality ratios for Cottage Grove employees with a
minimum of one year of employment in a job with definite or probable PFOA®.

Cause Observed _ Expected SMR __95% CI
All Deaths 219 274.36 0.80 0.70-0.91
Cancers \
All Malignant Neoplasms 68 77.33 0.88 0.68-1.11
Digestive Organs and Peritoneum 21 19.40 1.08 0.67-1.65
Esophagus 1 2.16 046 0.01-2.57
Stomach 1 2.42 041 0.01-2.29
Large Intestine 10 6.91 1.45 0.69-2.66
Rectum 2 1.51 1.32  0.16-4.78
Biliary Passages and Liver Primary 1 1.70 0.59 0.01-3.27
Pancreas 6 4.17 144 053-3.13
All Other Digestive 0 0.52 0.00 0.00-7.06
Respiratory System 23 24.20 095 0.60-1.43
Bronchus, Trachea, Lung 22 23.22 0.95 0.59-143
Breast 0 2.09 0.00 0.00-1.77
Prostate 6 5.19 1.16  0.42-2.52
Urinary Organs 2 3.88 0.52 0.06-1.86
Kidney 1 241 042 0.01-231
Bladder and Other Urinary Organs 1 1.47 0.68 0.02-3.79
Malignant Melanoma of Skin 2 1.30 1.54 0.19-5.55
Thyroid and Other Endocrine Glands 0 0.28 0.00 0.00-13.34
All Lymphatic and Hematopoietic Tissue 4 9.03 044 0.12-1.13
Nonmalignant causes
Cerebrovascular Disease 11 13.03 0.84 042-1.51
All Heart Disease 68 90.90 0.75 0.58-0.95
Nonmalignant Respiratory Disease 6 17.09 035 0.13-0.76
Cirrhosis of Liver 4 5.69 0.70  0.19-1.80
Accidents 13 18.75 0.69 0.37-1.19
Motor Vehicle Accidents 10 8.95 1.12  0.53-2.06
All Other Accidents 3 9.80 031 0.06-0.90
Violence 7 9.35 0.75 0.30-1.54
Suicides 7 7.62 092 0.37-1.89
Homicides 0 1.74 0.00 0.00-2.13

a: Includes workers who accrued one year of exposure with definite and probable jobs combined.
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Table 9. Observed and expected deaths from cerebrovascular disease with SMRs and 95% CI by

years of employment in jobs with definite PFOA exposure..

Years of PFOA Exposure OBS __ EXP SMR 95% CI
<1 2 1.05 191 0.22-6.91
1-<5 0 0.46 0.00 0.0-8.02
5-<10 3 0.19 15.03 3.02-43.91
. 10 0 0.23 0.0 0.0-15.17
Total 5 1.94 2.58 0.83-6.03
- _ EPA 01338



Table 10. Observed and expected deaths from cerebrovascular disease with SMRs and 95% CI

by cumulative exposure.

Weighted Exposure® OBS EXP SMR 95% CI
>0-2499 | 8 9,67 083  036-1.63
2500-4999 2 2.80 071  008-2.58
5000-7499 1 232 043 001-2.40
7500-9999 0 1.76 000  0-2.08
10000-& Over 4 1.21 331 0.89-8.46 .
Total 15 17.75 0.85 0.47-1.39

a: Duration of employment (days)*exposure weighting factor.
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I. SYNOPSIS

In a ninety day oral study in rhesus monkeys, Fluorad®
Fluorochemical FC-143 was administered at dosage levels of 0 (control,
treated only with 0.5% Methocel®), 3, 10, 30 and 100 mg/kg/day. Two
male and two female monkeys were initiated at each dosage level and
also in a control group. The monkeys were observed twice daily for
general physical appearance and behavior and pharmacotoxic signs.

Body weights were recorded weekly. Hematological, biochemical and
urinalysis studies were conducted once in the control period, at the
end of the first and third months of study.

The monkeys treated with the higher dose, (100 mg/kg/day) all died
during weeks 2 through 5 of the study. At the 30 mg/kg/day dosage
level, three monkeys died:during weeks 7-12, They all showed signs of
toxicity in the gastrointestinal tract (anorexia, emesis, sometimes
brown in color, black stools), pale face and gums, swollen face and
eyes, slight to severe decreased activity and prostration. The
monkeys of the 30 and 100 mg/kg/day dosage level showed body weight
losses from the first week of the study.

Because of the early deaths of the monkeys at the 100 mg/kg/day
dosage level, the clinical laboratory tests were not conducted.

The monkeys at the 30 mg/kg/day dosage level showed, in the first
month of the study, slight increase in prothrombin time and in acti-
vated partial thromboplastin time (A.P.T,T.) values, ags well as
decreased alkaline phosphatase activity in the serum (statistically
significant), Only one monkey from this dosage level in this period
showed a low albumin value. At the end of the study, the only
remaining monkey from the 30 mg/kg/dey dosage level showed apparent
anemja, low blood glucose, alkaline phosphatase, total protein and
albumin values.

There was no mortality at the 10 mg/kg/day dosage level. Ome
monkey had black stool on several days in week 12 and occasionally

137-090
EPA 01342
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anorexia and one monkey exhibited pale face and gums. At this dosage
level there was a very slight increase in the activated P.T.T. values
in the female monkeys during the first month of the study (not sta-
tistically significant). There were no changes in the other indices
and no changes in the body weight. In single monkeys from the 3 and

10 mg/kg/day dosage levels, there were trends toward decreased alkaline
phosphatase in the serum,

In the control and the 3 wg/kg/day dosage level there was no mor-
tality, no changes in the body weights and no signs of toxicity., Soft
stool, diarrhea or emesis were observed occasionally.

The mortality and the above mentioned signs of toxileity in the 30
and 100 mg/kg/day dosage levels were compound-related. There was a
trend toward the same signs of toxicity in single monkeys at the 10
mg/kg/day dosage level. The 3 mg/kg/day dosage level seems to be free
of signs of toxicity. There is an evident relationship between the
administered doses and the degree of the toxicity.

No gross or microscopic lesions which were considered compound-
related were seen in tissues other than the adrenals, bone marrow,
spleen and lymph nodes for male and female monkeys at the 30 and 100
ng/kg/day dosage levels., Microscopically, the adrenals from male and
female wmonkeys at the 30 and 100 mg/kg/day dosage levels had compound-
related marked diffuse lipid depletion; the bone marrow from male and
female monkeys at the 30 and 100 mg/kg/day dosage levels had compound-
related slight to moderate hypocellularity; the spleen and lymph nodes
from male and female monkeys at the 30 and 100 mg/kg/day dosage levels
had compound related moderate atrophy of lymphoid follicles.

Statistically significant variations in sex group mean weights of
a few organs occurred between the control and experimental groups.
These variations were of unknown bilological significance and were not

accompanied by morphologic alteratioms.

EPA 01343
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II. COMPOUND

The compound was received from 3M Company, Saint Paul, Minnesota
on October 24, 1977 as shown below:

Label Description
Fluorad® Fluorochemical FC-143 white powder
3M Stock No, 98-0211-0008-0
Lot 340
137-090 EPA 01344
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CLINICAL STUDIES

A. METHODS:
1. General Procedure:
Ten male rhesus monkeys (weighing from 2.60 to 3.90 kilograms)

and 10 females (weighing from 2,95 to 3.80 kilograms) were initiated
on this study. The monkeys were purchased from Primate Imports
Corporation, Port Washington, N. Y. 11050. The monkeys were housed
individually in hanging wire mesh, "squeeze type” cages and maintained
in a temperature, humidity and light controlled enviroment. Purina®
Monkey Chow® was fed twice each day and fresh apples were fed 3 times
a week., Water was available ad libitum.

During the conditioning period, the monkeys were tattooed on
the inner surface of the thigh and intrapalpebral tuberculin tests
were conducted. Tuberculin tests were conducted at bimonthly inter-
vals during the treatment period. Also a complete physical examina-
tion was conducted by the staff veterinarian prior to initiation of
compound administration. Only monkeys in good health were selected
for the study.

This study was initiated om January 11, 1978. Terauinal sacri-
fices were conducted on April 12, 1978.

2. Compound Administration:
At the end of the conditioning period the monkeys were divided

into five groups on a random basis, so that the initial average body
weights were similar:
Number of Monkeys

Male Female Dosage Level
2 2 Control
2 2 3 mg/kg/day
2 2 10 mg/kg/day
2 2 30 mg/kg/day
2 2 100 mg/kg/day

137-090 EPA 01345
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The test compound, suspended in 0.5% Methocel®, was admin-
istered by gavage, 7 days each week. All doses were given in a
constant volume. Also the same volume of 0.5% Methocel® was given to
the vehicle control group. Individual daily doses were based upon the
body weights obtained weekly.

3. Observations:

The monkeys were observed twice daily for general physical
appearance and behavior and pharmacotoxic signs. Individual body
weights were recorded weekly. General physical examinations were con-
ducted in the control period and mouthly during the study.

4, Clinical Laboratory Tests:
Blood and urine samples were obtained for analysis from all

monkeys once during the control period and at 1 and 3 months of
study. The monkeys were fasted overnight prior to the collection of

blood and urine samples.

a. Hematology:
Hematological studies included: hemoglobinl, hemétocritz,

erythrocyte count3, total? and differential leucocyte counts, reti-
culocyte count“, platelet cpunts, prothrombin time6, activated
partial thromboplastin time’ (A.P.T.T.). Mean corpuscular hemoglo-
bin, mean corpuscular volume and mean corpuscular hemoglobin con-

centration were calculated.

b. Biochemistry:
Biochemical studies included: fasting blood glucoses,

blood urea nitrogens, serum alkaline phosphatases, serum glutamic
oxalacetic and pyruvic transaminase activitiess, cholesterolg,
total proteing, albumins, sodiumlo, potassiumlo, chlorideg,

inorganic phosphate?, Y-glutamyl transpeptidasell (y—G,T.P,) and

creatinine phosphokinaseg.

137-090 EPA 01346
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¢, Urinalysis:

Urinalysis included: wmeasurement of volume, pH!Z and
specific gravity; description of color and appearance; qualitative
tests for proteinlz, glucoselz, ketoneslz, occult blood!2 and
microscopic examination of the sediment,

d, Statistical Analysis:
Analysis of body weights and clinical laboratory tests

were performed. All statistical analyses compared the treatment
groups with the control group, by sex. The tests were compared by
analysis of variance (ome-way classification) Bartlett's test for
homogeneity and the appropriate t-test (for equal or unequal
variances) as described:by Steel and Torrield using Dunnete'slé
multiple comparison tables to judge significance of differences.

B., RESULTS:
1. General Behavior, Appearance and Survival:

There was no mortality in monkeys at 0, 3 and 10 mg/kg/day
dosage levels,

The monkeys from the control and 3 mg/kg/day dosage levels
did not show any unusual behavior or signs of toxicity. Soft stool or
moderate to marked diarrhea were noted occasionally. Frothy emesis
was also noted occasionally,

At the 10 mg/kg/day dosage level the monkeys did not show any
unusual signs of toxicity, except Monkey 7363. 1In week 7 its face
appeared swollen and pale. It had been occasionally anorexic in week
4 and black stools appeared for several days in week 12 of the study.

At the 30 mg/kg/day dosage level, three monkeys died during
weeks 7, 12 and 13 of the study. Frow week 4, the monkeys were
anorexic. Slight to moderate and sometimes severe decreased activity
was noted occasionally to frequently for the four monkeys. Emesis and

ataxia were very rarely noted, for one monkey.

EPA 01347
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Swollen face, eyes and vulva, as well as pallor of the face
and gums were noted. From week 6, for two monkeys, black stools were
noted. Monkey 7387 showed slight toc moderate dehydration and ptosis
of the eyelids.

All monkeys from the 100 mg/kg/day dosage level died during
weeks 2 through S of study. They showed the same symptoms of toxicity
as the previous group, but they appeared sooner in the study (froam
week 1) and were more marked: anorexia, frothy emesis (sometimes
brown in color) pale face and gums, swollen face and eyes, decreased
activity frow slight to severe, prostration and body trembling.

2, Body Weights (Tables 1-3):
Changes in body weight were similar for monkeys from the

control and the 3 and 10 mg/kg/day dosage levels. Monkeys at the 30
and 100 mg/kg/day dosage levels lost body weight after the first week
of study. There was statistically significant decreases in the body
weight for the male monkeys at the 30 mg/kg/day dosage level in week
13 of the study. The female monkeys of the same dosage level and the
monkeys from the 100 mg/kg/day dosage level were dead in this period.
3, Laboratory Test (Tables 4~15):
a. Hematology:

There were no noteworthy changes in monkeys from the 3 and

10 mg/kg/day dosage levels. In the first month of the study there

was a slight increase (not statistically significant) of the A.P.T.T.
values in the females at the 10 mg/kg/day dosage level and a statisti-
cally significant increase of the A.P,T.T. and prothrombin time values
in monkeys at the 30 mg/kg/day dosage level. In the third month of’
the study there was a high increase in the above mentioned indices for
the one surviving monkey from the 30 mg/kg/day dosage level. The same

monkey (#7455) had pronounced anemia as well.

137-090
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5 The statistically significent increase in the hematocrit
in monkeys at the 10 mg/kg/day dosage level and in the platelet count
in mounkeys at the 3 mg/kg/day dosage level at 3 months of study, were
within the normal physiclogical limits,

b. Biochemistry:

There were no noteworthy changes in mounkeys from the
control, 3 and 10 mg/kg/day dosage level. Only one monkey from the 3
mwg/kg/day dosage level and ore monkey from the 10 mg/kg/day dosage
level showed trends toward decreases of alkaline phosphatase (432 and
474 units/1l, respectively), without statistical significance.

In the first month of the study, decrease in serum alka-
line phosphatase was noted in monkeys at the 30 mg/kg/day dosage level
(statistically significant) and in one monkey in the same dosage
level, the albumin in the serum was lower (3.22 g/100ml). The one
surviving monkey (7455) from the 30 mg/kg/day dosage level showed
decreasing of: blood sugar (66 mg/100ml), total protein (5.52 g/100ml)
with albumin (2 g/100ml) and alkaline phosphatase (360 units/l) and
slightly elevated cholesterol (240 mg/100ml).

c. Urinalysis:

No changes considered to be related to compound were seen

in the urinalysis studies,

" EPA 01349
C¢01'732

137-090



International Research and Development Corporation

IV,

PATHOLOGICAL STUDIES

A. METHODS:

1, Gross Pathology:
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After completion of the compound administration period all

surviving monkeys were anesthetized with Sernylan®*, exsanguinated

and necropsied.

At unecropsy, the heart, liver, adrenals, spleen,

pituitary, kidneys, testes/ovaries and brain were weighed and repre-

sentative tissues were collected in buffered neutral 107 formalin.

Eyes were fixed in Russell's fixative.

weighed after fixationm.

The thyrcid/parathyroid was

Monkeys which died during the study were necropsied as above,

2, Histopathology:

Microscopic examination of formalin fixed hematoxylin and

eosin stained paraffin sections was performed for all monkeys in the

control and treatment groups.

The following tissues were examined:

adrenals kidneys lumbar spinal cord
aorta liver piltuitary
bone lung s tomach
brain skin testes/ovaries
esophagus mesenteric lymph node thyroid
eyes retropharyngeal lymph parathyroid
gallbladder node thymus
heart (with coronary manmary gland trachea
vessels) nerve (with muscle) tonsil
duodenum spleen tongue
ileum pancreas urinary bladder
jejunum prostate/uterus vagina
cecum Tib junetion (bone tattoo
colon marrow)
rectum salivary gland
and any other tissue(s) with lesioms
*Phencyclidine HCl ~ Bio-Ceutic Laboratories, Inc.,
St. Joseph, Missouri.
137-090

EPA 01350
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B. RESULTS:
l. Gross Pathology (Table 16) and Organ Weights (Table 17):

No gross lesions considered compound related were seen in male

and female rhesus monkeys which died on study or were sacrificed after
90 days of study.

Statistically significant variations in sex group mean weights
of few organs occurred between the control and experimental groups.

The following statistically significant organ weight variations occurred:

Dosage S

Level e
Organ  mg/kg/day x Weight Change P< .
Heart 10 F absolute,relative decrease,decrease 0,05,0.01
Brain 10 F absolute decrease 0.01
Pituitary 3 M Telative increase 0.05

The biological significance of these variations is unknown. These organ
weight variations were not accompanied by morphologic changes which were
considered compound related,

2. Histopathology (Table 18):
One male and two female rhesus monkeys at the 30 mg/kg/day dosage

level and all male and female rhesus monkeys at the 100 mg/kg/day dosage
level had marked diffuse lipid depletion in the adrenals. All male and
female rhesus monkeys at the 30 and 100 mg/kg/day dosage levels had
slight to moderate hypocellularity of the bone marrow, All male and
female rhesus monkeys at the 30 and 100 mg/kg/day dosage levels had
moderate atrophy of lymphoid follicles in the spleen. One female at the
30 mg/kg/day dosage level and all male and female rhesus monkeys at the
100 ng/kg/day dosage level had moderate atrophy of the lymphoid follicles
in the lymwph nodes,

No microscopic changes counsidered cowpound related were seen in
the adrenals, bone marrow, spleen and lymph nodes of male and female

rhesus monkeys at the 3 and 10 mg/kg/day dosage levels. No microscopic

137-090 EPA 01351
¢01734
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lesions in tissues other than the adrenals, bone marrow, spleen and

lymph nodes at the 30 and 100 mg/kg/day dosage levels were considered

compound-related.

EPA 01352

¢01735
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2.

3.

6.
7.
8.
9.
10.
1.
12.
13,

14,
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Reference

Coulter Hemoglobinometer. Coulter Electronics, 590 W. 20th
Street, Hizleah, Florida.

Microhematocrit, John B. Miale, 3rd Ed., 1967, The C. V. Mosby
Company, p. 1154.

Coulter Particle Size Counter, Model 2p, Coulter Electronics, 590 W.
20th Street, Hialeah, Florida.

Gradwhol's Clinical Laboratory Methods and Diagnosis, Frankel and
Reitman, Editors 6th Ed., 1963, The C., V. Mosby Company, p. 1132.

Coulter Particle Size Counter, Model A, Coulter Electronics, 590 W,
20th Steet,; Hialeah, Florida.

General Diagnostics - Warner Chilcott Laboratories Revised April 1965.
General Diagnostics - Warner Chilcott Laboratories Revised Janurary 1967.
Technicon Auto Analyzer; 6/60 Micro Methodology.

Micro Auto Analyzer II, 6/60 Micro Methodology.

Atomic Absorption IL, Model 353

Sigma GGTP Procedure Bulletin #545, Sigma Chem. Co., St. Louis, Mo,
Bililabstix (Ames Reagent Strips).

Steel, R. G. D. and Torrie, J. H. (1960), Principles and Procedures
of Statistics, McGraw-Hill, New York, N. Y.

Dunnett, C. W., New Tables for Multiple Comparisons With a Control,

Biometrics, McGraw-Hill, New York, N. Y.
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FC-143: Ninety Day Subacute Rhesus Monkey Toxiecity Study.
TABLE 3. T-Test Comparison of Body Weights.
Study
Week Sex Control 3 mg/kg/day 10 mg/kg/day 30 mg/kg/day 100 mg/kg/day
13 M 3.178 3.50 3.68 2,308 -
F 3- 55 3068 3- 78 - -
I
*p<0.05
137-090 R0 01
Not included in statistical analysis due to only EPA 01357

otie surviving aoimal.
~ Line indicates animals had died prior to week 13.

01740
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one animal surviving.

FC-143: Ninety Day Subacute Rhesus Monkey Toxicity Study.
TABLE 4. Means and Significance of Hematological Values.
Month of
Hematology Study Control 3 mg/kg/day 10 mg/kg/day 30 mg/kg/day
Erythrocytes, 1 4.46 4.26 4.71 4.53
106/ cmm 3 4.90 4.74 5.47 3.848
Hemoglobin, 1 11.7 11.4 12.1 11.7
g£/100 ml 3 12.9 12.7 13.3 9.72
Hematocrit, 1 38 37 39 36
- k) 37 37 4O %% 308
Platelets, il 253 233 210 219
103/ crm 3 210 285% 216 2612
Reticulocytes, 1 0.2 0.5 0.5 0.2
% 3 0.3 0.2 0.2 0.28
Prothrombin 1 12 12 13 15%x%
 Time, sec 3 11 11 11 302
Activated 1 28 28 31 35%%
P.T.T., sec 3 26 26 24 653
Leucgcytes, 1 9.49 9.78 9.93 8.44
107/ cmm 3 9.40 9.83 11.96 10.14°
Neutrophils, 1 24 19 26 15
% 3 16 19 25 364
Lympuocytes, 1 75 76 72 85
pA 3 80 76 67 544
Eosinophils, 1 1 5% 2 0
% 3 3 K] 6 3a
Monocytes, 1 0 0 0 0
% 3 1 2 2 73
Basophils, 1 0 0 0 0
% 3 0 0 0 o8
Mcv, 1 86 86 82 80
| 3 75 78 73 788
MCH, 1 27 27 26 26
yug 3 26 27 24 252
MCHC, 1 X} 3 32 32%
g/100 w1l 3 36 35 34 ne
*Significantly different from control group, p<0.05.
137-090 **Significantly different from control group, p<0.01.
' ayalue not used in statistical analysis due to only EPA 01358

¢01741
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Csigma units/ml

FC-143: . Ninety Day Subacute Rhesus Monkey Toxicity Study.
- TABLE 8. Means and Significance of Biochemical Values.
Month of
Biochemistry Study Control 3 mg/kg/day 10 mg/kg/day 30 mg/kg/day
Glucose, 1 89 117% 104 122
ng/100 ml 3 81 96 88 662
B.U.N., 1 23.0 21.2 22.5 26.1
wg/100 ml 3 27.6 20.2 22.0 22,63
Alk. Phos., 1 597 847 601 365%
int'l 3 851 783 743 3602
units /1
$.G.0.T., 1 29 35 34 59 %*
int'l 3 45 41 35 882
units/1
S.G.P.T. l: 15 21 34% 44
int'l 3 31 3l 34 462
units/1 |
Cholesterol, 1 165 154 158 174
ng/100 ml 3 165 141 154 2408
Total Protein, 1 7.94 8.23 8.66 8.36
g/100 ml 3 8.20 8.24 8.43 5.523
Albumin, 1 4.78 5.05 4.66 4,28
8/100 mi 3 4$.82 5.12 5.17 2.008
Sodium, 1 153 152 155 152
meq/liter 3 151 154 159%% 1508
Potassium, 1 5.1 5.1 5.2 5.7
Chloride, 1 112 110 113 112
meq/liter 3 113 112 114 1132
y-G.T.P., 1 61 49 47 33
Sigma 3 44 38 51 498
units/ml
C.P.K., 1 9 14 16 194
Sigma 3 7 6 9 108
units/ml
Inorganic 1 7.9 7.2 7.0 6.7
Phosphate, 3 6.9 6.3 7.3 5.08
ug/100 ml
*Significantly different from control group, p<C.0S.
137-090 **Significantly different from control group, p<0.01,
aValue not used in statistical analysis due to only EPA 01362
one animal surviving.
bru./1
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FC-143: Ninety Day Subacute Rhesus Monkey Toxieity Study.
TABLE 12. Means and Significance of Urinalysis Values,
Month of

Urinalysis Study Control 3 mg/kg/day 10 mg/kg/day 30 mg/kg/day
Volume, 1 35 33 51 41
ml 3 71 94 51 402
pH ' 1 8.5 8.5 8.1 8.1

3 8.3 7.6 8.2 6.69
Specific 1 1.028 1.026 1.026 1.026a
Gravity 3 1.018 1.015 1.024 1,031

avValue not used in statistical analysis due to only

137-090 one animal surviving,

EPA 01366
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FC~143:

BEST COPY AVAIL ABLE ... -

“lsety Day Subacute Rhesus Monkev Toxicity Study.

TABLE 16.

Summary of Sreds Necropayv Nbservations, Terminal Sacrifice.
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FC-l83: Ninety Day Subacute Rhesus Monkev Toxicity Study. i
Ts&BLE 16. Conct. Summary of Srosa Yecropsv Nbservacions,
¥l y 3 '] = .
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FC-143: Winety Day Subacute Rhesus Monkey Toxicity Scudy.

TABLE 18. MicToscopic Observacioms.

Control 3 ag/kg/day 10 mg/kg/day 30 eg/kg/day 100 me/kg/day
weM T ¥ & & X X & @& X £ » &~ X T W W X X ¥ &

Tissue éEE”““"e@#n mloe ® m» » ~ & 2 £ & : 2

| O e M w @° 9w b=
Lesion - 28y A 2°3 f I R 8 D g @ § &£ B R £ a2QE

Brain 1 1 1 1 1 L 1L 1 L 1 1 1 1 1 1 1 1 ! 1

focal perivascular lywphoid
infiltrates 3

Spinal cord 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Peripharal nerve 1 1 1 1 1 1 1 1 it 1 1 1 1 1 1 1 1 1 1 1

Eye 1 1l 1 1 1 1 1 1 1 1 1 R
Sarcocystia sp, Lin oculsy

mugcle x X X
focal lymphoid infiltraces in
scliers 3
foecal lymphoid infiltrates in
" lacrizal gland 3 3
focal lyapheid infiltrate in
palpebrasl conjunctiva 3 3
eystic tsrsal gland . k]

Pituitary 1 1 1 1 1 1 1 1 1 1 1 1 1 1
diffuse congestion 3 3 3 3 3
small parenchymal cyst %

Thyroid 1 1 1 1 1 1 1 1 1 1 1 1 101
foci of interscicial lywphoid

Lagiltrates 3 2 2
focal interscitial fibroais 3 2
diffuse congescion 3 3 3

Parathyroid 1 l 1 1 1 1l - - - - - - . 1 - - - ¥ 1
diffuse congesacicn 3

Tongue 1 1 1 1 1 1 1
foct of {(aflanmatory cell {nfil-

trates io lamipa propria and
mucesal spithalium , 3 3 4 2 3 2 2 3 3 2 2 2 2
foci of inflacmacory cell {nfil-
traces in ouscle 2 3 3 2 2 2
Sarcocyucls sp. x *
Code: % = condition present 4 - modarece
a - autolyzed S = oarked
1 - not remarkabls 6 - eaxtrems
2 = very slight - = not available
3 - slighe *Died or sacrificed Lo extremis
137-090
- EPA 01374

¢01757




C-163: Ninety Day Subacute Rhesus Monkey Toxicicy Scudy.

Page 34

TABLE 1S. Cent,

Microscopie Observations,

Centrol 3 me/kgiday 10 ng 'kg/day 30 wg/kg/day 100 ne/kg/day
wmex T T b o T T ™ T X & & T X ™ tw T T B W
a
v 9
tasue 2€4l 2 228 3235 2388 vnis&g &2
Lesion 522 R R R R R R 2R RERR g R TRER
Tons{ 1 - 1 - - =
foet of inflammmzory cell infil-
trates Iin zucosal epithelium
sud tonsillar crype 3 4 2 3 R 1 3 & 4 2 3 4
SarcoeveTis sp. in muscle %
Gongylonems sp. in sucesal
epitheliun x
atrophy of lymphoid follicles 4 [
Adrenal 1
foci of dystropilc mineraliza-
tion 3 3 2 2 3 2 3 2 2 2
diffuse congesticn 3 4 3 3 4 3
diffuse lipid depietion 5 5 3 5 5 § 5
foci of lymphoid infiltrates
in sinusoids 3 2 2 3 3 2 2
acidophilic degereracion of
individual co szall groups
of cells 2 3
Trachea 1 1 1 1 i
foei of inflammacory cell (nfil-
wvates in lamica propria k] 3 3 3 H 2 3 3 3 3 2 2 3 3 3
Salivary gland 1 1 1 1 o
! focal incerstizial lywmphoid
infilcrates 2 3 2 S S 2 2 3 3 2 3
difduse congestion 3 3 3 3
decreased cell size, losw of
crtoplasmic granules % “
Tung
acarian pigment (peribronchiel,
peribronchiolar, perivase~
celaz) 3 2 2 2 3 2 2 2 2 2 3 2 3 2 2 4 2 22
Sfocal perivascular lvaphoid
{nfiltraces 3 3 3
focal peribronchial/peribron~
chiolar lymphoid aggregates 4 4 3 & 3 3 & 3 1 4 4 3 3 2 2 3 2
lung mtte in broachiolar lumen x H .
incerstitial pnewzenia 3 4 S 3 3 4 3 3 4 S 3
dlZfuee comgestion 3 3 3 4
foreign body pneuzonia S ]
focal hexwrrhage 3 3
acuca focal bronchopnsumonia &4 3 3
numerous sggragates of plgment
laden alvsolar zacrophages 3
Code: x - condicion present 4 - noderate
a ~ sutolyzed $ ~ mearked
1 - not recuwrkable 6 ~ extrems
2 - very slight - = not availabla
3 - slight *Disd ot sacrificad in excremis
i37-090
EPA 01375

C01758
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FC~143: Vinety Day Subacutas Rheaus Monkey Toxicity §ctudy.
TABLE 18. Comt. Microscopic Observaciona,
Control 3 =g/kg/day 10 mg/kg/day 30 »e/kg/dav 100 =g/kg/dav
nex ¥ ¥ & & X I & @w T X B X T T w™ % T T & =
2 o Im
&y g hd - +* “« « = «
Tissue i¥d o € 2 8 ¥ 8 £ 2 2 2 83 L T 8% 2 304 o=z
e ien o g8 e 2 2R g2 2R3 gERE g paE
Reart 1 1 1 1 1 1 4 L
focsl intevmtitilal lymphold
infileraces 3 3 3 2 31 3 3 2 2
focus of lyepnoid inflltrate in
endocardiua 3
focal subendocsrdial hemorrhage 3
actophy of eplcardial fat 4 4 4
Aorca 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1
Spleen 1 L i l 1 l 1 1 1 1
stTophy of lymphotd follicles a4 4 4 4 6 6 &
diffuse congestion 3 2 3 3 ¢ 2 A
focal amyloldosis in lymphoid
follicles 3
{ncreased amount of hemosiderin
pigment 3
Lysobh node 1 S SR A R S § T v 1 S |
actrophy of lymphoid follicles I3 & & & 4
increased amount of hemosiderin
pigaent k] 3
orucTophil infiltrate in :
sinusen 3 3 5
diffuse congestion 3 3
lymphoid hyperplasia 3
Esophagus 1 1 l i i 11
focl of iunilammatory call iafil-
trates in lamina propris 3 2 2 3 2 i 2 2 3 2 1 2
foci of intersticial lyophaid
iafilzraces in mscularis 2 2 2 2 2
Congylonema so. in mucosal
epichelium x
Scamach
foci of inflaomatory cell Lnfil-
trate L{n lamina propria 3 &4 3 3 3 3 4 b 4 3 & 3 3 3 3 2 4 3
diffuse congestion 2 3 3 3
focy of {nflammagory cell iafil-
traces in sudbamucosa 4 4 & 3
foel of inflsomacory cell infil-
traces in musculavis 3 3
foct of ianflammatery cell tngil-
trares {3 serosa ]
parasitic graauloms in omentum .
Zocal pucosal hemorrhage 2 2 2
focal cosgulation ncecrosis in
micosa 3
Code: x = condition prasant 4 - mpderace
a - sutolyzed 5 = msrked
1 - not remarkable 6 - excrame
2 = very slight - ® not gvailadle
3 - slight “Died v sacvificed L excremis
137-0%0 EPA 01376

¢01759




FC-143:

Ninety Day Subacute Rhesus Monkey Toxicity Study.

Page 36

TABLE 18. Cont.

Microscopie Observations,

Tissue
Lesien

Group, §
Honkey e

Control

3 za/keg/dayv

10 mg/kg/dav

Number x
7362

]

2265

F
"
]

B -

71336
7386
7364
7366
7384

-

7365

7361

p =

7458

F

7328

F

7383

X

455

v

100 =g/kg/dav

736 M

30 ag/kg/ds
[

7382¢

[ 4

7387

x

2456* M
7360
7335%
7381+ F

Small incestine
diffuse villous atrophy
focal hemorrbage
diffuse congeation

—

focnl aggregate of hrown pigment-

laden foamy sacrophages in
mesentary

{nflacmacory cell infiltrates in

sercss
attrophy of lymph nodule

=

-
[
-
[
—

—

—

-

—

-

-

W W

w
w
ww

Cacun
cransaural ifaflammatory cell
infilrrates
di{ffuse congestion
focal mucosal hemorrthage

inflammacory cell infiltrates in

serosa

parasitie granuloma in rmsculariy

atrophy of lyomph nodule

~ W

Colon
diffuse congestion

parasicic granuloma iz submucosa

transmural inflamuatory cell
infilcracas

focal mucosal hemorThage

strophy of lvwoh nodule

1~

Rectua
diffuse congestion
inflagmatory call infilcrates
in ousculazis
atrophy of lywphoid nodule

-

S w

Panereas
focal periduccal lymphoid
infiltraces
focal intersticisl lymphotd
tnfilcratey
diffvse congestion

=

29

Thymus

137-090

[

4 ¢« ¢t v e

condition present
autolyzed

not remariabla
very slighet
slighe

4
5
§
.

- moderate

- markad
- gxtTraae

= not avaliable
Died or smcrificed in extremis

EPA 01377

¢01760



FC=143; Ninety Dsy Subacuce Rhesus Monkey Toxicity Study.

Page 37

TABLE 13, Cont.

Microscopic Observacioms,

Tigsve
lesion

Group, §
Mankey e
Number x
7362

o

7336
7386
7364

F
F

3 ag/ke/day

10 =mg/kg/day

30 mz/kg/day

M
F

7366
7384

[ ]

7385

L]

7363
2458

fay

7328

3

7383

L

7455

M

7367«

=3

73822

F

7187+

100 mg/ks/day

F

7456 M
7361 M

Liver

porral inflammatory cell infil-
trates 3

parenchymal inflammatory eall
{infiltraces 2

diffuse congastion

acidophilic degeneration of
individual to small groups
of hepatoeytes

diffuse hepatocellular hypere~
trophy with eytoplasmie
vacuolation

neutrophil Lnfiltvaces ina
ainusoids

[ X

"~

»n

(]
[

w W
w N

Gallbladder
foc! of inflammacory cell infil-
trates in lamins propria 3

Kidpey

focal interscitial lymphold
infiltraces 2

multinucleated lining epitheliua
in papillary duccs

cyst in msdulla

chyonic interstizial nephritis

diffuse congestion

microlicth o ranal tubulas

amall foci of dystrophic miner-
alizacion

"~

Grinary bladder
foci of inflaomatory cell {nfil-
tracas iu lamipa propria 3
dtffuse congesction

P

Testas
prepubersl devalopment X
chromic focsl vasculitis
focal perivascular lymphoid
infilcyace

Ovarias
small foci of dyscsophic mineral-
{zacion
diffuse congescion

w s

137-090

[N SN |

.8 0 ¢

condicion present
sutclyxed

not remarkable
very slight
slight

moderace

=
« merked

- excTems
-

not evagilable

Died or sacrificed in exsramis

¢01761

EPA 01378



FC-1k3:

Ninecy Day Subacute Rhesus Monkey Toxicity Study,

Page 38

TABLE -18. Cont.

Microscoplc Qbeervations,

Tissue
Lesion

Group, §
Monkey e
Number x

Cantrol

3 mg/kg/day

10 mz/kg/dav

30 mg/kp/dav

100 me/kg/dav

=

7362

7365

7336

F

z x fa

11

~

7386
7366

P

7385

F
v

z [ =

7363
7458
7728
7383
7455
7367% M
7382¢

[

7387«

7456 M

™

L]

7361%
7335«

E
L
-
=
[l
P~

Pranzdte
focal intersctitial lyephoid
infilerates
focal lymphoid lnfiltrace in
corpus cavernocsuam

w

(]
w

-

-

Utarus
diffuse cougestion
blood in uterine glands
suall foel of hemorvhage in
endometriua
brown pigment-laden macrophages
i{n sndomecsriva

{nf{lacmatery cell infilrrates ia

epdometrium
proteinacesous £luid and inflam-
aatory cells {n uterine luman

~
w

N W

Vagiaa
foci of lymphoid infilrrates ia
lamind propria and mucosal
epithelium
foei of lymphoid {nfilzTaces in
miscularis
Sarcecysctis sp.
, focsl iymphoid infiltrace {n
tunica advancitias
diffusa congesgion
focel neutyophii tnfilerate tn
ucosa

13

Skaleral miscle
Sazcocystis sp.
focal incerscitial inflammatory
cell infiltraces
iacerscitial fibrosis

focal/multifocal acrophy of muscle

{aczessed sarcolemmal nucleti

&S w

Skia

browva/black pigment in dermis

deyzal inflammacory cel: inffle
sTates

diZfuse acanthasis

dizfuse congestion

hyperkeratosis

few large aveas of hemorthage
in subcucis

X

Code:

137-090

[P A SR

eondicien presenc
autolyzad

not remarkable
very slighec
slight

4
s
6
"

- modarate
- marked
- axXETemm
= got available

Dted or sacrificed in axtremis

EPA 01379

¢01762
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FCe1463: ; Ninety Day Subacute Rhesus Monkey Toxicity Scudy.

TABLE 18, Cou:,

MicToscoplic Observacions.

Conerol 3_=g/kgiday 10 kg/da 30 wmg/kg/dav 100 mg/kg/day
X E & & £ T & N T T om I T T ™ W T X &
® « - # *® - 9
Ttesus 2 82 2 3 2 £ 8 T 823 45 88 & 382
Lesion . R RR R 2R 2R R E88 23R 28878
’ Mammary gland 1
: brown pigment ia derwis x x x x x % 2 I x X X %X X
' hyperkeracostis 3 3 13 3 3 3 3 3 3 3 3
detoal inflampatory cell infil-
traces 3 3 2 3 3 3 3 2
inflammatory esudate in scinar
lumen/ducts 2 2 2
inflamnatory cell infiltraces in
incralobular connective tissue 3 2
diffuse congasticn 3
intraepidermal aicrosbscess x
Feour - = = = - = - = - = = . - 1 - 1 L 1 1 1
Bous marvow (Rib jumction) 1 1 1 1 1 1 1 1 1t 1 i1 '
hypocsllular marvow 3 & 4 23 & & 4 4
congestion 3 31 4 3 3 4 3
Miacellaneous
acute focsl cheilizis, lip 4
Code: X - ¢onditfon present 4 - onderate
a ~ agutolyzed S - mavked
L - not temarkable 6 - extTame
2 - very dlight « = not availabie
3 - slight *Died or sacrificed in excremis
137-090 EPA 01380

C¢01762



